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+RZHYHU LW LV WLPHFRQVXPLQJ EHFDXVH WKH FRPELQDWLRQV RI GHVLJQ SDUDPHWHUV DUH YDULHG DQG WKH RSWLPL]DWLRQ RI DFRXVWLF
SHUIRUPDQFH LQGH[HV LVPXOWLREMHFWLYH ,QRUGHU WRDFKLHYH WKHRSWLPDOFRPELQDWLRQTXLFNO\DQHZPHWKRG LVSURSRVHGZKLFK
FRPELQHVVXSSRUWYHFWRUUHJUHVVLRQ695DQGSDUWLFOHVZDUPRSWLPL]DWLRQ362LQWRWKHGHVLJQIRUXOWUDVRQLFFXWWHUDVVHPEO\
:KHQWKHUDQJHVRIWKHGHVLJQSDUDPHWHUVDUHVHWVRPHVDPSOHVDUHSURGXFHGHDVLO\ZLWKWKHDLGRIWKHSDUDPHWHUL]HGVRIWZDUH










,Q WKH ILHOG RI PDFKLQLQJ FRPSRVLWH PDWHULDO WKH
LQWURGXFWLRQ RI XOWUDVRQLF SURFHVVLQJ LV ODWH KRZHYHU WKH
WHFKQRORJ\ GHYHORSPHQW LV YHU\ UDSLG 2QH UHDVRQ LV WKH
H[FHOOHQW SURFHVVLQJ SHUIRUPDQFH DQG WKH RWKHU LV HQHUJ\
FRQVHUYDWLRQ DQG HQYLURQPHQWIULHQGO\ 0DQ\ LQWHUQDWLRQDO
FRPSDQLHV KDYH SURGXFHG PDQ\ NLQGV RI XOWUDVRQLFDVVLVWHG
PDFKLQLQJWRROVVXFKDV*)0'0*HWF+RZHYHUGLIIHUHQW









DSSOLHG WR GHWHUPLQH WKH UHODWLRQVKLS ZLWK D FOHDU
PDWKHPDWLFDO IXQFWLRQ H[SUHVVLRQ IRU WKH EODFN ER[ ZKLFK
FRXOG QRW EH DQDO\]HG ZLWK VRPH H[DFW WKHRU\ >@ 0DQ\
UHVHDUFKHUV KDYH HVWDEOLVKHG WKH DSSUR[LPDWH PRGHOV ZLWK
GLIIHUHQWPHWKRGV VXFK DV UHVSRQVH VXUIDFHPHWKRG VXSSRUW
YHFWRUUHJUHVVLRQ695DUWLILFLDOQHXUDOQHWZRUNDQGVRRQ
>@5HVSRQVH VXUIDFHPHWKRGXVHV WKH ORZRUGHU SRO\QRPLDO
WR ILW WKHJLYHQ LQSXW DQGRXWSXW DQG WKH WZRRUGHU UHVSRQVH
VXUIDFH KDV ORZ SUHFLVLRQ IRU KLJKGLPHQVLRQDO QRQOLQHDU
SUREOHPV 7KH DSSUR[LPDWH PRGHO ZLWK DUWLILFLDO QHXUDO
QHWZRUN LV EXLOW RQ WKH EDVLV RI HPSLULFDO ULVNPLQLPL]DWLRQ
DQG LW FDQ GHDO ZLWK KLJKGLPHQVLRQDO QRQOLQHDU SUREOHP
+RZHYHU LW LV SURQH WR RYHU ILWWLQJ DQG UHVXOWV LQ UHGXFHG
SUHGLFWLYHFDSDELOLWLHV6XSSRUWYHFWRUUHJUHVVLRQLVDPDFKLQH
OHDUQLQJ WHFKQLTXH EDVHG RQ VWDWLVWLFDO OHDUQLQJ WKHRU\
SURSRVHGE\9DSQLN>@ZKLFKKDVPDQ\DGYDQWDJHVVXFKDV
VPDOO DPRXQW VDPSOHV JRRG QRQOLQHDU HIIHFW DQG JOREDO
RSWLPDO ,W KDV EHHQ PRUH DQG PRUH ZLGHO\ XVHG LQ
HVWDEOLVKLQJDSSUR[LPDWHPRGHOWRVROYHHQJLQHHULQJSUREOHPV
>@>@
&RPSDUHG ZLWK JHQHWLF DOJRULWKP VLPXODWHG DQQHDOLQJ
DOJRULWKP DQG DQW FRORQ\ DOJRULWKP SDUWLFOH VZDUP
RSWLPL]DWLRQ 362 KDV PDQ\ DGYDQWDJHV VXFK DV HDV\
LPSOHPHQWDWLRQ KLJK FDOFXODWLRQ DFFXUDF\ REYLRXV
FRQYHUJHQFH VSHHG DQG VWURQJ JOREDO RSWLPL]DWLRQ DELOLW\ ,W
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KDV PRUH H[WHQVLYH DSSOLFDWLRQ LQ WKH ILHOG RI VWUXFWXUDO
RSWLPL]DWLRQGHVLJQ>@
$QHZPHWKRGZLWK695362LVSURSRVHGLQWKLVSDSHUWR
RSWLPL]H WKH GHVLJQ SDUDPHWHUV RI XOWUDVRQLF FXWWHU DVVHPEO\
IRU FXWWLQJ 1RPH[ KRQH\FRPE FRPSRVLWH 6RPH WUDLQLQJ
VDPSOHV DERXW GHVLJQ SDUDPHWHUV DQG WKH FRUUHVSRQGLQJ
DFRXVWLF SHUIRUPDQFHV DUH REWDLQHG E\ PHDQV RI WKH ILQLWH
HOHPHQWPHWKRG7KHDSSUR[LPDWHPRGHOLVHVWDEOLVKHGEDVHG
RQ WKRVH WUDLQLQJ VDPSOHV ZLWK VXSSRUW YHFWRU UHJUHVVLRQ
0XFK PRUH VDPSOHV DUH SURGXFHG TXLFNO\ DQG DFFXUDWHO\
DFFRUGLQJ WR WKHDSSUR[LPDWHPRGHO7KHVH VDPSOHVDUHXVHG
WR ILQG WKH RSWLPDO GHVLJQ SDUDPHWHUV RI XOWUDVRQLF FXWWHU
DVVHPEO\ZLWKSDUWLFOHVZDUPRSWLPL]DWLRQ)LQDOO\FRPSDULQJ
WKLV GHVLJQ UHVXOW ZLWK WKDW E\ PHDQV RI WKH ILQLWH HOHPHQW





7KH XOWUDVRQLF FXWWHU DVVHPEO\ IRU FXWWLQJ 1RPH[
KRQH\FRPEFRPSRVLWHFRQVLVWVRIWZRSDUWV2QHLV WKHEODGH
RI DQ LVRVFHOHV WULDQJOH DQG WKH RWKHU LV WKH KRUQ VXSSRUWLQJ
WKHEODGHDVVKRZQLQILJ7KHVWUXFWXUDOSDUDPHWHUVRIWKH
EODGH PDLQO\ LQFOXGH WKH OHQJWK ZKLFK LV WKH KHLJKW RI WKH
WULDQJOH WKH ZLGWK ZKLFK LV WKH ERWWRP HGJH RI WKH WULDQJOH
WKHWKLFNQHVVRIEODGHWKHDQJOHRIEODGHHGJHDQGVRRQ7KH
DQJOH RI EODGH HGJH DIIHFWV OHVV WR WKH G\QDPLF UHVSRQVH
FKDUDFWHULVWLFVRIFXWWHUDVVHPEO\VRLWLVQRWUHJDUGHGDVRQH
RIWKHVWUXFWXUDOSDUDPHWHUVWREHRSWLPL]HG7KHEODGHZLGWK
LV OLPLWHGZLWK WKH KRUQ WLS GLDPHWHU VR LW LV IL[HG DW PP
DFFRXQWLQJIRUWKHGHVLJQUHVXOWRIWKHKRUQ%HFDXVHWKHEODGH
DQG WKH KRUQ DUH PXWXDO FRXSOLQJ LQ WHUPV RI G\QDPLF
UHVSRQVHWKHXOWUDVRQLFFXWWHUDVVHPEO\LVUHJDUGHGDVDZKROH
LQ WKHSURFHVVRI ILQLWHHOHPHQWDQDO\VLV(YHQWXDOO\RQO\ WKH
OHQJWKDQGWKHWKLFNQHVVRIWKHEODGHQHHGWREHRSWLPL]HG,Q








)RU XOWUDVRQLF FXWWLQJ DFRXVWLF V\VWHP WKH PDLQ LQGH[HV
HYDOXDWLQJWKHDFRXVWLFSHUIRUPDQFHLQFOXGHWKHIROORZV
 5HVRQDQWIUHTXHQF\
5HVRQDQW IUHTXHQF\ LV DQ LPSRUWDQW LQGH[2QO\ZKHQ WKH
UHVRQDQW IUHTXHQF\RI WKH FXWWHU DVVHPEO\PDWFKHVZHOOZLWK













,Q DGGLWLRQ WKHUH H[LVWV WKH SKHQRPHQRQ RI ODWHUDO
GLVSODFHPHQW LQ WKH WLS RI WKH EODGH LQ WKH ILQLWH HOHPHQW
DQDO\VLVDVVKRZQLQILJ7KLVGHIRUPDWLRQZLOOLQFUHDVHWKH
IULFWLRQ EHWZHHQ WKH EODGH DQG WKHPDWHULDOV DQG UHGXFH WKH
SURFHVVLQJTXDOLW\DQGVKRUWHQWKHVHUYLFHOLIHRIWKHEODGH6R







(VWDEOLVKLQJ DSSUR[LPDWH PRGHO LV WR ILQG D VXLWDEOH
PDSSLQJ IXQFWLRQ WR UHSUHVHQW WKH UHODWLRQVKLS EHWZHHQ WKH
LQSXW[DQGWKHRXWSXW\WKDWLVWRPHHW\ I[7KHPDSSLQJ
IXQFWLRQ RI DSSUR[LPDWH PRGHO EDVHG RQ VXSSRUW YHFWRU
PDFKLQHLVH[SUHVVHGDVIROORZLQJ
 I [ Z [ E= ⋅ + && & & 
$PRQJ WKHP Z LV WKH ZHLJKW YHFWRU DQG E LV WKH ELDV
YHFWRU
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L Lα α DUHWKH/DJUDQJHPXOWLSOLHUV&LVWKHSHQDOW\SDUDPHWHU
ε LV WKH HUURU RI VHQVLWLYLW\ FRHIILFLHQW DQG . LV WKH NHUQHO
IXQFWLRQ7KH WZRSDUDPHWHUVRI&DQGεFRQWURO WKH OHDUQLQJ
DELOLW\ RI WKH VXSSRUW YHFWRU PDFKLQH 7KH SDUDPHWHU &
GHFLGHV WKH EDODQFH EHWZHHQ WKH FRPSOH[LW\ DQG WKH
FRQILGHQFH DQG WKHSDUDPHWHUε FRQWURO WKH UHJUHVVLRQ ILWWLQJ
SUHFLVLRQ DQG WKH QXPEHUV RI VXSSRUW YHFWRUV 7KH NHUQHO
IXQFWLRQ . LQIOXHQFHV WKH SHUIRUPDQFH RI VXSSRUW YHFWRU
PDFKLQH 5DGLDO EDVLV IXQFWLRQ 5%) LV ZLGHO\ XVHG DV WKH
NHUQHO IXQFWLRQ IRU LWV KLJK GLPHQVLRQDO PDSSLQJ DELOLW\ >@
>@
7KHDOJRULWKPRISDUWLFOHVZDUPRSWLPL]DWLRQ
0DQ\SDUWLFOHVGLVWULEXWH LQHDFK ORFDWLRQ UDQGRPO\ LQ WKH
1 GLPHQVLRQDO YDULDEOH VSDFH 7KH FXUUHQW VWDWH RI HDFK
SDUWLFOH LV GHVFULEHGZLWK SRVLWLRQ DQG YHORFLW\ 7KH SDUWLFOH
FRQVWDQWO\ XSGDWHV LWV SRVLWLRQ DQGYHORFLW\ DFFRUGLQJ WR WZR
LQGLFDWRUV LQ HYHU\ LWHUDWLRQ SURFHVV 2QH LV WKH SDUWLFOH
LQGLYLGXDORSWLPDOVROXWLRQDQGWKHRWKHULVWKHJOREDORSWLPDO
VROXWLRQ7KRVHWZRRSWLPDOVROXWLRQVDUHXSGDWHGDJDLQDIWHU
HDFK LWHUDWLRQ SURFHVV  $OO SDUWLFOHV DUH DJJUHJDWHG WR WKH
JOREDO RSWLPDO VROXWLRQ :KHQ WKH JOREDO RSWLPDO VROXWLRQ
WHQGVWREHVWDEOH ILQDOO\ WKHUHVXOW LV WKHRSWLPDOVROXWLRQRI
WKHSDUWLFOHLQWKH1GLPHQVLRQDOYDULDEOHVSDFH>@
7KH SRVLWLRQ DQG YHORFLW\ RI HDFK SDUWLFOH LV XSGDWHG
DFFRUGLQJWRWKHIROORZLQJIRUPXODV
 N N N
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$PRQJ WKHP [L UHSUHVHQWV WKH SRVLWLRQ RI WKH L SDUWLFOHV
DQGYL UHSUHVHQWV WKHVSHHGRI WKH LSDUWLFOHV7KHGLPHQVLRQV
RI WKHPDUH WKH VDPHDV WKDW RI WKH LQSXWYDULDEOH VSDFHN LV
WKHQXPEHURILWHUDWLRQV7KHLQHUWLDZHLJKWIDFWRUZLVXVHGWR
FRQWUROWKHVHDUFKDELOLW\RIWKHSRSXODWLRQ*HQHUDOO\LWVYDOXH
LV LQ WKH UDQJH RI >@ ,Q WKH LWHUDWLRQ SURFHVV WKH YDOXH RI
LQHUWLD ZHLJKW YDULHG LQ OLQHDU GHFUHDVLQJ VWUDWHJ\ JNS ⋅ LV WKH
KLVWRULFDO JOREDO RSWLPDO VROXWLRQ NLS LV WKH KLVWRULFDO RSWLPDO
VROXWLRQ RI WKH L SDUWLFOH WLOO WKH N LWHUDWLRQ& DQG&PHDQ
WKDW WKH SDUWLFOH KDV GLIIHUHQW HPSKDVLV RQ WKH H[SHULHQFH RI
LWVHOI&DQGWKHH[SHULHQFHRIWKHSRSXODWLRQ&UDQGU





,Q RUGHU WR DFTXLUH VRPH VDPSOHV TXLFNO\ DQ DSSOLFDWLRQ
VRIWZDUHHPEHGGHGLQ$%$486HQYLURQPHQWZDVGHYHORSHG
ZLWKWKHDLGRIWZRGHYHORSPHQWWHFKQRORJ\DVVKRZQLQILJ
 7KH EODQNV RI ³(ODVWLF PRGXOXV´ DQG ³GHQVLW\´ DUH ILOOHG
DFFRUGLQJ WR WKHPDWHULDO RI EODGH$VVXPLQJ WKHPD[LPXP
PLQLPXPDQGVWHSOHQJWKRIWKHEODGHDQGWKHWKLFNQHVVRIWKH
EODGHFOLFNLQJWKHEXWWRQRI³6LPXODWLRQ´ZHFDQDFTXLUHWKH
UHVXOW RI ILQLWH HOHPHQW DQDO\VLV HDVLO\ ZKLFK LQFOXGHV WKH
UHVRQDQW IUHTXHQF\RI WKHFXWWHUDVVHPEO\ WKHDPSOLWXGHDQG
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<RXQJ
VPRGXOXV
( )  1 P  3RLVVRQUDWLR
<:   
:&U9   

%HFDXVHWKHYDOXHUDQJHVRIWKHGLIIHUHQWGLPHQVLRQVLQWKH
VDPSOH VSDFH DUH XVXDOO\ GLIIHUHQWZH XQLI\ WKH VFDOH RI WKH
GDWD SULRU WR HVWDEOLVKLQJ DQ DSSUR[LPDWH PRGHO ZLWK WKH











7KH IXQFWLRQ*ULG6HDUFK&9 RI WKH VFLNLWOHDUQ PRGXOH LQ
WKH3\WKRQSODWIRUPLVXVHGWRRSWLPL]HWKRVHWKUHHYDULDEOHV








RI EDVLF IXQFWLRQV DUH VHW WR   DQG  UHVSHFWLYHO\
)LQDOO\ WKH IXQFWLRQ 695 RI WKH VFLNLWOHDUQ PRGXOH LQ WKH
3\WKRQ SODWIRUP LV XVHG WR WUDLQ WKH VDPSOHV WR HVWDEOLVK WKH
DSSUR[LPDWHPRGHO
6HOHFWLQJ VRPH WHVW SRLQWV UDQGRPO\ DQG FRPSDULQJ WKH
SUHGLFWLRQE\PHDQVRIWKHDSSUR[LPDWHPRGHOZLWKWKHUHVXOW
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,PSOHPHQWLQJRSWLPL]DWLRQEDVHGRQ695362









)URP WKH UHVXOW RI VWDWLVWLFDO DQDO\VLV UHVRQDQW IUHTXHQF\
FDQ EH FRQVLGHUHG OHDVW VHQVLWLYH WR WKH FKDQJH RI WKH EODGH
GHVLJQSDUDPHWHUVEHFDXVHWKHYDULDQFHFRHIILFLHQWRIUHVRQDQW
IUHTXHQF\ LV IDU OHVV WKDQ WKH RWKHU WKUHH $FFRXWLQJ WKDW
YDULDQFHFRHIILFLHQWRIOLWHUDOGLVSODFHPHQWLVIDUPRUHWKDQWKH
RWKHUVDQGWKDWUHODWLYHHUURUEHWZHHQ695DQG)(0LVODUJH
DQG XQVWDEOH OLWHUDO GLVSODFHPHQW LV FRQVLGHUHG WR KDYH WKH
VDPH LQIOXHQFH RQ WKH RSWLPL]DWLRQ RI WKH EODGH DV WKH
DPSOLWXGH RI WLS DQG WKH PD[LPXP VWUHVV $V D UHVXOW ZH
H[SUHVV WKH RSWLPDO REMHFWLYH IXQFWLRQ DV WKH IROORZLQJ











WKH W\SH RI PDWHULDO ³´ UHSUHVHQWV <: ³´ UHSUHVHQWV
:&U9 σ LV WKH PD[LPXP VWUHVV 8 UHSUHVHQWV WKH
DPSOLWXGH RI WKH FXWWHU8 UHIOHFWV WKH ODWHUDO GLVSODFHPHQW
DQG I LV WKH UHVRQDQW IUHTXHQF\ RI WKH FXWWHU DVVHPEO\ 7KH
YDOXHVRIWKHVHIRXUSHUIRUPDQFHVDUHDOOLQWKH>@DIWHUGDWH
QRUPDOL]DWLRQ 6R WKH RXWSXW IXQFWLRQ < LV D GLPHQVLRQOHVV
TXDQWLW\LQ>@
7KHPDLQYDULDEOHV RI SDUWLFOH VZDUPDOJRULWKPDUH VHW DV
WDEOH
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7DEOH7KHPDLQSDUDPHWHUVRISDUWLFOHVZDUPDOJRULWKP
1XPEHUV ,WHUDWLRQ )LUVWZHLJKW (QGZHLJKW & &
     

7KH  UDQGRP SDUWLFOHV QHHG WR EH SUHGLFWHG ZLWK WKH
DSSUR[LPDWH PRGHO (DFK SDUWLFOH LV HTXLYDOHQW WR DQ RQH
GLPHQVLRQDO DUUD\ RI  HOHPHQWV 7KUHH HOHPHQWV DUH WKH
GHVLJQSDUDPHWHUV LQFOXGLQJRQHRI WKH WZRPDWHULDOVRQHRI
WKH WZRYDOXHVRIEODGH WKLFNQHVVDQGRQHRI WKH OHQJWKIURP
PP WR PP HYHU\ PP 7KH RWKHU IRXU HOHPHQWV DUH
UHVRQDQW IUHTXHQF\DPSOLWXGHRIFXWWHUPD[LPXPVWUHVVDQG
ODWHUDO GLVSODFHPHQW RI WKH FXWWHU WLS FRUUHVSRQGLQJ WR WKRVH
WKUHHGHVLJQSDUDPHWHUV
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:KHQ WKH OHQJWK RI WKH IRXU NLQGV RI EODGH LV VHW IURP
PP WR PP HYHU\ PP WKH V\QWKHVLV RSWLPL]DWLRQ
DFFRUGLQJ WR WKH IRXU DFRXVWLF SHUIRUPDQFHV ZLWK )(0 LV D
<:EODGHZLWKPPOHQJWKDQGPPWKLFNQHVV,WFDQEH
VHHQ WKDW WKH RSWLPDO GHVLJQ SDUDPHWHUV REWDLQHGZLWK 695
362 WHFKQRORJ\ DUH YHU\ FORVH WR WKH UHVXOW ZLWK WKH ILQLWH
HOHPHQWPHWKRG
,WFRVWVDERXWPLQWRVLPXODWHWKHDFRXVWLFSHUIRUPDQFHV
RI WKH FXWWHU DVVHPEO\ ,I WKH OHQJWK LQWHUYDO LV FKDQJHG WR
PP LW ZLOO FRQVXPH  [ PLQ WR JHW DOO SRVVLEOH
FRPELQDWLRQV RI GHVLJQ SDUDPDWHUV $QG LQ RUGHU WR JHW WKH
RSWLPDOUHVXOWLWQHHGVWRVSHQGDQRWKHUPRUHWLPHWRFRPSDUH
WKH GLIIHUHQW GHVLJQ UHVXOWV :LWK 695362 WHFKQRORJ\ LW
FRQVXPHV  [ PLQ WR SUHSDUH WKH WUDLQLQJ VDPSOHV DQG
DERXWPLQ WRHVWDEOLVKLQJDSSUR[LPDWHPRGHODQG IRU362




LV VWXGLHG ZKLFK LQWHJUDWHV WKH WHFKQLTXH RI SDUDPHWHUL]HG
ILQLWHHOHPHQWDQDO\VLVDSSUR[LPDWHPRGHOEDVHGRQ695DQG
RSWLPL]DWLRQ DOJRULWKP RI 362 7KH HPEHGGHG DSSOLFDWLRQ
VRIWZDUH RI SDUDPHWHUL]HG ILQLWH HOHPHQW DQDO\VLV ZDV
GHYHORSHG LQ $%$486 HQYLURQPHQW WR DFTXLUH VDPSOHV
FRQYHQLHQWO\ 7KH DFFXUDWH DSSUR[LPDWHPRGHO LV HVWDEOLVKHG
EDVHGRQWKHVDPSOHVSURGXFHGZLWKWKHHPEHGGHGDSSOLFDWLRQ
VRIWZDUH $IWHU WKH REMHFWLYH IXQFWLRQ RI RSWLPL]DWLRQ LV
GHWHUPLQHG WKH DOJRULWKP RI SDUWLFOH VZDUP RSWLPL]DWLRQ LV
DSSOLHG WR WKH VDPSOHV SUHGLFWHG E\ WKH DSSUR[LPDWH PRGHO
DQG ILQDOO\ WKHRSWLPL]HGGHVLJQSDUDPHWHUVRI WKHXOWUDVRQLF
FXWWHUDVVHPEO\DUHGHWHUPLQHG
7KH RSWLPL]DWLRQ GHVLJQ E\ PHDQV RI WKH QHZ PHWKRG LV
YHU\ FORVH WR WKDW ZLWK )(0 $QG WKH WLPH WR REWDLQ WKH
RSWLPL]DWLRQ UHVXOWV LV JUHDWO\ UHGXFHG +RZHYHU WKH ZHLJKW
FRHIILFLHQWV LQ WKH SURSRVHG RSWLPL]DWLRQ REMHFWLYH IXQFWLRQV
DUH JLYHQ EDVHG RQ TXDOLWDWLYH DQDO\VLV QRZ 0RUH
H[SHULPHQWV DQG WKHRUHWLFDO VWXGLHV QHHG WR EH FDUULHG RXW




7KLV UHVHDUFK LV VXSSRUWHG ZLWK WKH 1DWLRQDO 1DWXUDO
6FLHQFH )RXQGDWLRQ RI &KLQD 1R =KHMLDQJ
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